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Target disease: HIV-AIDS

» 40 million infected with HIV worldwide
» 1 million infected with HIV in United States

> Highly Active Antiretroviral Therapy (HAART) suppresses
HIV infection but is not a cure

» Current HAART is toxic = cumulative failure to therapy
» Resistance to HAART is on the increase

» VIRXSYS’ approach is to use HIV vectors with anti-HIV

payloads to interfere with wt-HIV replication

HIV vectors are the appropriate lentiviral
vectors for clinical testing

The biology and pathogenesis of HIV in humans is
well understood, in contrast to other lentiviruses

HIV infected population with no good treatment
options can be identified

The introduction of non-HIV lentiviral vectors into
humans, particularly those infected or at risk of being
infected with HIV, would result in unpredictable

consequences

VIRXSYS - The Company
> Established 1998
> 40 Employees
» Gaithersburg, Maryland

» Company’s mission is to
develop gene therapies for
serious disease states

» Present focus is the
development of a gene
therapy for the treatment of
individuals with AIDS

HIV infection is the appropriate disease
target to first test HIV vectors

Testing of HIV vectors in non-HIV infected individuals
would result in their seroconversion

If non-HIV infected individuals became infected with
wt-HIV = ambiguity as to the source of infection

HIV-infected patient-subjects are laden with wt-HIV

Selected patient-subject population has no good
treatment options left — failing HAART therapy,

VL>5000 and show X4 strain of HIV @

Proposed protocol: ex-vivo gene transfer of
VRX496 into HIV-infected patient-subjects

VRX496 is an HIV vector that contains
an anti-HIV antisense sequence

Ex-vivo transduction
with VRX496
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Safety features of VRX496 for gene transfer
into HIV-infected patient-subjects

i Safest approach for gene transfer in HI\tinfected individuals
pNL4-3 > Vector entirely derived from wt-HIV NL4-3
(9709bp) > No sequences other than HIV are introduced into patients
» Patient-subjects are laden with wt-HIV > vector backbone is
constructed from conserved regions of the virus
» NL4-3 derived from strains common to North America

Schematic representation of HIV-based vectors

VRX496 H Evidence for safety from SIV infection in non-human primates
(4344bp) psicppt AS RRE \ Attenuated SIVs that are deleted in accessory genes do not
cause disease in non-human primates
No HIV accessory genes in either VRX496 or VIRPAC
Although attenuated SIVs containing IL-2 can exacerbate
disease, no such reports for attenuated SIVs without IL-2

1@; VRX496 does not encode for a gene (e.g. IL-2)

ding marker from GFP

VRX494 ook <z
(4877bp) psicppt AS RRE GFP

Additional safety features of VRX496 for gene A stop codon in VRX496 prevents translation

transfer into HIV-infected patient-subjects

Targeted expression of anti-HIV antisense payload - antisense
payload is Tat and Rev dependent and thus expressed only
after wt-HIV infects vector containing cells

Antisense payload appears to decrease VRX496 mobilization to
cells - expression of anti-envelope antisense results in
decreased mobilization of packaged VRX496 genomes

VRX496 contains a stop codon in gag - recombination with
helper or wt-HIV would result in a non-functional gag-pol open
reading frame

Possible recombination events between
VRX496 and wt-HIV
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Safety of VRX496 for use in HIV infected
patient-subjects

The backbone of VRX496 contains regions of HIV that are

highly conserved (LTR, psi/gag, cPPT, rre)

Only the antisense payload contains sequences that are not
highly conserved (X4 tropic gp120 sequences)

Restricted the patient-subject population to those that show
X4 strain of HIV

Not claiming that mobilization of VRX496 is required for anti-
HIV efficacy, but may provide some additive effect

VRX496 is a maximally gutted vector with poor mobilization

characteristics while maintaining high transduction

and anti-HIV efficiencies




Self inactivating (SIN) HIV vectors are not
optimal for use in AIDS gene therapy

Loss of targeted Tat & Rev dependent expression of the
antisense payload sequence

Constitutive expression of anti-HIV antisense payload may be
detrimental to the host cell

Replacing or modifying the HIV sequences 5" and 3’ to the
antisense may affect trafficking of the RNA to site of genomic
wt-HIV RNA accumulation and decrease anti-HIV efficacy

Competition for packaging between vector and wt-HIV
genomes is important for anti-HIV efficacy. A SIN HIV vector,
by definition, would not compete with wt-HIV for packaging

Cannot guarantee that SIN vectors will not mobilizej®.’

Safety of VIRPAC plasmid system for HIV
vector production
> Theoretically, there is always a possibility for VSV-G

and HIV to recombine regardless of the vector
production system

Minimize potential for vector and helper recombination
by intelligent construct design —multiple events needed
to obtain a putative RCL

Minimize potential for homologous DNA recombination
and reverse transcriptase-mediated RNA recombination

Strategies other than “splitting plasmids” are available

to minimize potential for recombination

Homologous DNA recombination does not
produce an RCL in one event

transcriptional pause sites
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LTR eventresults in no 3’ LTR for reverse transcription

VRX496 event results in no envelope

Features of VIRPAC helper construct
(VRX170) for VRX496 production

MV gacil » VIRPAC two-plasmid system
" produces >3-fold higher vector
titers than commonly used three-
plasmid system — very important for
scale up manufacturing of vector

> No accessory genes in VIRPAC

» Codon degeneration of several
regions of helper to decrease
sgral likelihood of recombination with
EF1aHybrid Promd vector genome

B . o)
e ol » Four strong poly A and two

transcriptional pause sites -
transcriptional partition of structural
and envelope genes
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Does homologous DNA recombination between
VRX496 & VIRPAC result in an RCL in one
event?

uanscmpuunal pauses\tes
degenerated gag (no psi)
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psi cppt AS RRE tag
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regions of DNA homology
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Homologous DNA recombination does not
produce an RCL in two events

(ranscr\p(\or\a\ pause sites
degenerated gag (no psi)
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VIRPAC

gag stop signal
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pol AS RRE tag
LTR LTR

event results in no 3' LTR for reverse transcription
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Several events would be required to generate an Does RNA recombination produce an
RCL from VIRPAC packaging system RCL in asingle event?

|ranscnpn0na\ pausesues = gagpol
gag stop signal

r —- rev IRES tat

vsv-g
> Two strong polyadenylation (bovine growth hormone & alpha globin) & 929 vsv-g
atranscriptional pause site located between gag-pol and VSV-G —- VeCtOT

» Stop site located in gag would prevent translation of gag -pol

Sm=z
> Difficult to see how additional events would produce an RCL beyond . xJZ .
what would be common to any production system Psicppt ASRRE tag

reverse transcriptase

LTR LTR

RNA recombination does not produce RNA recombination does not produce
an RCL in asingle event an RCL in two events
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PSicppt AS RRE tag event results in no envelope psi gag pol rev  tat .

vector

vector

RNA recombination does not produce an RCL
even with a putative read-through RNA

RNAs

Several events would be required to generate an
RCL from VIRPAC packaging system
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929 (] rev alpha globin poly A) and a transcriptional pause site located
Ai—_-. vector between gag-pol and VSV-G
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. > Difficult to see how additional events would produce an RCL
PSi cppt AS RRE tag .

beyond what would be common to any production system

rev  tat Vsv-g

> Stop site located in gag would prevent translation of gag-pol




Comparison between VIRPAC and stable High efficiency transduction of primary
producer cell lines human CD4 T cells with VRX494
> No producer cell line has been described that can produce a

vector titer of at least 107 TU/mlI of cGMP grade HIV vector
needed for the proposed phase | clinical trials

99.4%

> VIRPAC offers advantages
» Can produce sufficient amounts of clinical grade vector
from a scale-up manufacturing process
» Multiple recombination events would be required to
generate a putative RCL

» VIRPAC contains safety features comparable to other
transient production systems and producer cell lines Control Transduced
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Stable vector transduction of primary CD4 T Cells Inhibition of wt-HIV replication by VRX494
transduced primary human CD4 T cells
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Inhibition of wt-HIV at various challenge MOIs VRX494 transduced CD4 T cells are resistant to
productive wt-HIV replication
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Inhibition of X4 & R5 HIV strains by VRX494 Cells containing VRX494 show selective
resistance to CD4 downregulation
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Inhibition of wt-HIV replication by VRX494
Summary of the in vitro transduction and and VRX496 in sup T1 cells

wt-HIV challenge data

—e—controrsupTI
—@pNICIa(PT2ASCNVGEP, 20
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» High transduction efficiencies can be attained in primary PNIcia T gagomvors.
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human CD4 T cells T puscorncenigio
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> Over 99% of wt-HIV can be inhibited upon challenge of vector
containing primary T cells with a variety of MOIs
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» Both X4 and R5 strains of HIV can be effectively inhibited by
the 937nt antisense payload targeted to the HIV envelope

» Cells transduced with vector show selective resistance to CD4
downregulation and hence, to productive wt-HIV replication

Days Post Infection

@ MOI =0.01

Patient-scale transduction of primary human Inhibition of NL4-3 replication after patient-scale
T cells with VRX496 shows no toxic effects transduction of T cells with VRX496
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VRX496 transduction of CD4 T cells from an
HIV-infected donor shows no toxic effects

HIV patient PGO1 CD4/VRX496 profile

| —8—mock ——Transduction

5
Days in culture

Normal CD4 T cells ~3 copies/cell
HIV infected CD4 T cells ~2 copies/cell @

Resistance to productive HIV infection by VRX496
transduced cells from an HIV-infected donor
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NON-TREATED CONTROL TREATED WITH VRX496

VRX496 does not efficiently mobilize into
primary CD4 T cells

Mock HIV
VECTOR NO HIV
VECTOR + HIV.

DNA-PCR
——————— WEH 1V

. .  Vector

TagMan DNA-PCR revealed 30 copies of vector
mobilized into CD4 T cells per 10,000 cells analyzed

VRX496 inhibits HIV replication in CD4 T cells
from an HIV-infected donor

HIV patient PGO1 CD4/VRX496, Freeze-thawed cells
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VRX496 is selectively packaged into viral
particles from cells by wt-HIV
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Anti-HIV antisense payload inhibits vector
“mobilization into naive CD4 T cells

UNTRANSDUCED VRX430 (NO AS) VRX494 (AS)

CELLS TRANSDUCED WITH \
AT MoOI 0.




VRX496 mobilizes poorly into primary CD4
T cells in vivo

NL4-3 (0.2) INFECTED NOT INFECTED

In vivo mobilization study in SCID mice

EYFP VECTOR » o Infect
with

—
Isolate human
CD4+ T cells

Inject all cells back

into mice i.p. Look for vector mobilization
i into and cells

€

VRX496 does not mobilize into primary
CD19 B cells in vivo Summary of the in vitro and in vivo
3 (0.2) INFECTED NOT\NFCTED mobilization data

» Mobilization is only a safety concern when vector spreads
beyond the intended target tissue, CD4 T cells

» In vitro and in vivo data show that VRX496 mobilizes poorly
between primary CD4 T cells

> In vivo data shows that VRX496 does not mobilize beyond CD4
T cells, the intended target tissue = no mobilization was seen
into CD19 B cells (CD4 negative)
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Viral breakthrough is seen upon HIV challenge of
Sup T1 cells suboptimally transduced with vector

—4—control supT1
—m-PNL(CPTIGFP

Mobilization occurs without mutations,
deletions or insertions in the vector genome

——pN1(CPT)ASeVGFP

wtHIV challenge
VRX496

n n Nmbillzsd VRX496

VRX496 + e e
vireac TN EZREKN [ A\
co-transfection FER & / / \ \ /
[— Sequence =‘4" : b\l*sé‘_‘_'_
VRX496 1 s ! s
Original No deletions No deletions ~ * : - * - ki
plasmid No mutations No mutations

[\
7\

p24 (ng/mL)

Days post nfection
sequence No insertions No insertions

Transduction MOl = 5 wtHIV challenge MOl = 0.1




Viral breakthrough occurs only upon wt-HIV .
challenge with high MOIs & low doses of vector Can wt-HIV variants develop that escape
antisense action?
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Kinetics of the breakthrough virus after g eque of deletions and atio
multiple rounds of re-infection ound e e egio
Deletions at th (937 hp)
Clones | # of deletions % Clones #ufﬂs\elluns” %
o) u 215 290 264
prm— teion (270m)
) Clones | # of mutations % Clones] # of mutations %
10 0 0 0
[ 1 01 0.1
4 2 0.2 0.2
2 13
PCR out target region of 109 »
antisense on wtHIV,
subclone & sequence
WIRLSY=S

The BT-P1 mutant displays a mutation frequency
of 12% in the env region that binds to antisense

The BT-P1 mutations are consistent with the
known action of antisense RNA

2 » Adenosine deaminases (ADA) act to
convert adenosines to inosines in
double stranded RNA

Target region for antisense

T I
[ |

0.1%  Mutation frequency of mutant clone BT-P1

adenosine
glarase The A-> | conversion results in an

unstable |-U base pair which leads to
partial or complete unwinding and
degradation or nuclear retention of RNA

A > G mutations would hamper ADA
Partial or complete unwinding conversion of adenosines in wt-HIV
| RNA and make them resistant to the
effects of the vector antisense sequence

pNL4- 3 TTTATAAACT TGATATAGTA CCAATAGATA ATACCAGCTA TAGGTTGATA AGTTGTAACA
Mitant BT-Pl TTTGTAGACT TGATGTAGTG CCAGTGGATG GTGCCAGCTA TGGGTTGSTG GGTTGTGGCA

<=

Degradation or nuclear retention
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The BT-P1 mutations significantly affect virus
replication when cloned back into wt-HIV Summary of the viral breakthrough data

5000000 Initial breakthrough virus is due to high MOI of wt-HIV
4000000 overcoming suboptimal transduction levels in Sup T1 cells

TCID,, -> no breakthrough when sufficient doses of vector are used
3000000 oOwtHY (T : ) i
A variant HIV can be selected that shows increased resistance
2000000 + Omutant |RLEEEEE)

to vector inhibition = however, the consequence of this
1000000 | | resistance is a decreased fitness for replication
0

Virus Titer (p24/ml)

Very high deletion and mutation frequencies are seen at the
1stROUND  2ndROUND target env region on wt-HIV st ly indicating that the vector
is acting upon wt-HIV by the antisense base-pairing mechanism

> The BT-P1 mutation severely restricts viral replication
> The BT-P1 mutant likely persists by pseudotyping with wt-HIV

In vivo biodistribution and safety studies Advantages of using SCID mice for
in SCID mice biodistribution and toxicity studies
vsii% Introduction of human cells containing HIV vector into an animal

model > not possible for any other animal model system
Inject 2 x 107

Tcells i.v. Injected human cells survive for long periods of time in the
animal, permitting amplification of an adverse event in the human
cell population that is resident in the animal

Isolate human T cells Human cells eventually die in the animal permitting visualization
of adverse events in whole tissues by PCR and other methods
Harvest organs & PCR

DAY 2 DAY 30 DAY 91 DAY 123 HIV vectors can transduce murine cells efficiently which is likely

> Analyze tissues for presence of vector G-tag in murine tissue by DNA PCR SUff'C.'enlt f(?(r dfetectlon Qf & @WE l’?‘d"_efse SHEE 17 ([ARUSE TESE
> RCL-like event if vector detected in absence human CART-1 gene signal despite lack of productive HIV replication

Murine hematopoietic cells are efficiently

SCID vector biodistribution study design
transduced by HIV vectors

#0f mice Animal Day123
group#
bm.moi2.003 Infusion Media control 1
Mock transduced 2
control T cells
20x 10%mouse

bm.n.001

Vector transduced T 3
cells (low dose)
3x 105imouse

o® 10" 10 10% 10*

Vector transduced T
cells (high dose)
20 10%mouse

ul

R2

vl
10° 10" 102 10° 10*

Total for male mice

o e
10 10" 10% 10° 10*

EGFP+

Total for female mice.

Total number of mice.

Murine bone marrow cells were transduced with HIV-vector at a

MOI of 2 and then analyzed 13 days after transduction




Analysis murine tissues 2 days post-injection Analysis of murine tissues 2 days post-injection
of control T cells of VRX496 transduced T cells

Day2 of post injection|

Animal 1D: 19800| Animal ID: 1980 Animal ID: 10896  Animal ID: 10897
Tissue: Spleen | Tissue: Spleen| Tissue: Spleen|  Tissue: Spleen
Group #2 Group#2 Sroup#4 Group #4

0
PeR Bang

Sensitivity: 50 copies per ug DNA ! 4 Sensitivity: 50 copies per ug DNA

HuCART analysis of the G-tag positive day 2

Summary of the Day 2 DNA-PCR data
samples of VRX496 transduced T cells

Feart Tesies Ovary Tiver oL N
Vedtor Human | Vector fHuman | Vector Human | Vector Humen | VectorHuman
| Neg TND | Neg /ND | Neg. /ND | Neg. /ND | Neg /ND |

Troup 7L | Neg &g o5 &g 1

Troup72 | Neg TND | Neg /ND | Neg /ND | Neg. /WD | Neg. 7 ND
R eTTEa E ORI EEIOTAY) B TRD [0 0] oD
(lowdose) | 9+m+ 140+ 4(+)14(+)
Croup 74 Z0TND T(JTND
‘high dose) | 10(+)110(+) | 5(+) 15(+) | 373+ [100) 000 ] a1 9(+)

H

3
83
gs
g6
se
54
Es
<3
£

Animal ID: 19907
Tissue: Spleen Group #4

Bone Tung ] opleen Tar Blood |
Marrow | Vedtor Humen | Vector Human | Vector Humen | VectorHumen
Vedtor Humen
Troup 7L | Neg /ND Neg TND &g TND &g TND Neg TND
Troup &g TND Neg TND Neg TND g TND TTND
3 Fae Pos*
Group 73 Z0)/ND 2 O/ND
(lowdose) | 10710 | 10)/110() | 1067100 | 66+ | 88 ()
Croup 74 TTar~
thigh dose) | 10+ 10(+) | 10(+)/10(+) | 10(+)/20¢+) | 10(+)/10(+) | 9()/9 (+)

Sensitivity: 50 copies per ug DNA

Analysis of murine tissue 30 days post-injection HuCART analysis of G-tag positive samples
of T cells transduced with VRX496 from day 30 mice injected with VRX496 T cells

CART 1
Animal 1D: 19906 [Animal ID: 19907

Tissue: Tail Tissue: Tail Day 2 of Post Injection

Group #4 Group #4 H Tissue; Liver

Day 30 of Post Injection
Tissue: Tail (site of injection)

Sensitivity: 50 copies per ug DNA J Sensitivity: 50 copies per ug DNA




Summary of the day 30 DNA-PCR data Analysis of murine tissues day 91 post-injection
of T cells transduced with VRX496

[ Heart Testes. Ovary Tiver ToLN |

Vector Mumen | Vedtor/Humen | Vector Humen | Vedtor Humen | VectorHumen

Animal 1D: 10911 Animal 1D: 19912
Tissue: Heart |  Tissue: Heart
Group #4

g € g
[ Neg /ND | WNeg /ND | Neg./ND | Neg /ND | Neg./ND
SO D 20) ThD )T ND QD T RD
sEs@ | rEne | oierim | serse | e
7D D T D TTTTRD TCTND
ligh dose) | 3(+)3(H 2(+)/2(+) 3(+) 34 1)/ 14 2(1)2(
P T T 5 — o

Vector/Humen | Vector Humen | Vector Human | VectorHumen

Vedtor Humen
Toup 71| Neg./ND Neg TND Neg. TND Neg TND Neg. TND
* 5Failed

Toup 72 Neg TND Neg TRD Neg TND Neg
+* 1 Failed

9()IND () /ND S FND
11 - 2(+) 2(%) 3(H)/3(4)
*+*2 Failed

iroup #3
ow dose)

roup #4 | B(-) TND. - 6() TND B ) ND
ligh dose) 4(+)/4(+) 4(+) 4 A(+)/4(+)

Sensitivity: 50 copies per ug DNA

Summary of the day 91 DNA-PCR data Analysis of murine tissues day 123 post-injection
of T cells transduced with VRX496

Heart Testes Ovary Liver Ing-LN T
Vector/Human] Vector Human | Vector Human | Vector/Human§ Vedtor Human Batch: BD 78
Group#L || Neg./ND | Neg/ND | Neg./ND | Nep/ND | Neg./ND -

Group#2 | Nea./ND | Neo./ND | Nea/ND | Nea./ND | _Nea./ND Aiove: Spicen | “TiSeve! Spicen | *Toe! Sprcen

Group #4 Group #4 #a
Group#3 L L L
low dos)

10(-)/ND | 5(-)/ND SO/ND | 10(-)/ND § 10(3/ND
Group#4 9(-)/ND
(hich dose) | 10(-) /ND 5(-) /ND 5() /ND (+)/1(+) 10() / ND

Bone Lung Spleen Tal Blood

Marrow
VVectof Human

Tromp#L [ Neq./ND | Neq/ND | Neq7ND | Nea/ND | Neq7ND
Group#2 [ Neq./ND_| Neq./ND_|_Neq/ND_|Neq/ND_| _Neq/ND
Group 73 S0 /ND | 70) TND
fowdowy | 06D | /a6 | 06/ { ao/no | *3failed
Group#4 9()/ND | 90/ND | ©6()/ND
thich dose) | 1000 /8D | 009 /nD | @7aem | @am | ~sfailed

Sensitivity: 50 copies per ug DNA

Summary of the day 123 DNA-PCR data Summary of the animal biodistribution a
Hear Testes | ovary Liver | tngn toxicity data

t
VectorHuman| VectorHuman | VectorHuman | Vector Human | Vector Human|

Group #1 Neg./ND Neg./ND Neg./ND Neg./ND
Group#iz_J_nNeg /ND_| Neg/nD_| Neg/ND | _Neg./nD . Infused human T cells containing vector could survive for
Group#3 NP S()ND [ 50) ND ) 20() ND up to 91 days in SCID mice

(low dose)
e e SCIND 50 ND 1000 ND In all tissues studied a G-Tag vector signal was associated
with a Hu-Cart-1 signal for human DNA -> G-Tag signal is
Bone Lung Spleen Tail .
Marrow | VectorHuman | VectorHuman | VectorHuman due to vector containing T cells
Vector Human

A total of 6 animals from the study displayed clinical
manifestations that were not treatment related

Group#1 | Neg./ND Neg./ND Neg./ND. Neg./ND

Neg./ND Neg./ND Neg./ND Neg./ND
Group #3 ND 10(-) ND | 10(-) ND | 10(-) ND
(low dose) *8failed
Group #4 ND 10(-) ND | 10() ND | 10() ND | 10(-) ND

No adverse RCLAike events were observed
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Plasmid Manufacturing Process |
Manufacturing process for VRX496

Certified 293 cells are transfected in NUNC cell factories CELL CULTURE
with VRX496 and VIRPAC plasmid DNA constructs using .. Vialsfrom the vector or

. iR v packaging MCB are inoculated
calcium phosphate precipitation into L -broth and incubated (72 L

per batch) in 1 liter shaker flasks
Vector is purified using ultrafiltration, diafiltration and
column chromatography

The plasmid raw materials and the purified VRX496 vector
is prepared at VIRXSYS' Vector Manufacturing Facility CENTRIFUGATION

using cGMP conditions Cells are harvested and
centrifuged At 4000 rpm for
15 min. Cell paste is stored

Cell processing is performed at the University of at below-70°C in 24 one-
Pennsylvania Hospital’s Clinical Cell Production Facility frerbottes

using cGMP conditions

Plasmid Manufacturing Process Il Plasmid Manufacturing Process llI

PLASMID
CELL LYSIS PURIFICATION

Cell pasteis lysed sequentially Lysate is loaded onto
with Buffer P1, Buffer P2 and MustangQCapsule,
Buffer P3 and stored overnight washed with Buffer M1,
At2-8°C for precipitation Buffer M2, and

eluted with Buffer M3

CENTRIFUGATION
FILTRATION PEG is added (1:1), solution
Lysate is filtered is centrifuged, resuspended
through a 0.2 um filter in 70% ethanol, centrifuged
Into 50 L bag, Triton again, resuspended in TE
X100 added and buffer and stored at 2 8°C
Stored at 2-8°C overnight
overnight
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i _ Vector Manufacturing Process |
Plasmid Manufacturing Process IV

THAW AND EXPAND
CELLS

One vial from 293 MCB is thawed
and expanded 5 passagesto 16 NCF

FILTRATION, QC TESTING
and STORAGE

Purified plasmid DNA s filtered through a

0.45/0.2 um filter, weighed, tested by QC

andstored at-20°C until needed for

transfection

D — = —

TRANSFECTION
203 cellsare ransfectedwithvector
and helper plasmidDNAS using the
ca\clur?j phosphate precipitation

o

Plasmids are one of the raw materials for

vector manufacture




Vector Manufacturing Process I Vector Manufacturing Process

DIAFILTRATION AND
VIRAL VECTOR HARVEST BENZONASE TREATMENT
Conditioned medium is collected and Soluble proteins are removed and
Replacedat24, 36 and 48 hours
posttransfection. Vector containing medium
Is stored at 2 8°C until 60 h post transfection

buffer is exchanged to optimize
benzonase treatment. Benzonase
treatment s performed for 1 hour at 37°C
toremove cellular and plasmid DNA.

FILTRATION & CONCENTRATION PURIFICATION

Vector supematant s sequentily ftered through Materialis purified by size exclusion

1.2:and 0.22 pm filters and collected in a 50 L chromatography ona Sephacryl500 gel

carboy. Productis subsequently concentrated via filtration columns. Veector<containing fractions

ultrafiltation. are pooled and stored at minus 20°C pending
results of i process tests.

Vector Manufacturing Process IV Purification of the vector product

Purification Ratio

FORMULATION, FILTRATION,
QC TESTING and STORAGE
Purified bulkviral vector is formulated

to desired concentration by ultrafitration.
The final material s fitered through

20.22 pm filter, weighed, tested by QC
andstoredin 50 mL bagsat-20°C pending
release by QA.
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Bulk Harvest Filtered Diafiltered Benzonanse Chromatography
Purification Steps

SDS-PAGE of manufactured VRX496 Assay for detection of RCL in vector
product and EOP cells

=
2 Transfection of
203 cells with End of Production

BULK HARVEST
VRXASE & 293 CELLS

VRX170

€ ocultivation with H9
Viral Infection of cells (10° 293 cells will
H9 cells (300ml of vector be tested)
S/N will be tested)

Final Product
After Diafi
Bulk Harvest

6 passages 6 passages

Negative Results:

Vector is released .
TagmanR T PCR (pending other QC tests) TagmanR T-PCR
on supernatant on supernatant

using HIV gag + R using HIV gag +
VSV-G primers oy ey VSV-G primers

characterize

TagMan RT-PCR Sensitivity
HIV gag = 10 copy per input volume
VSV-G = 10 copies per input volume
Assay sensitivity: detect a HIV with 1% fitness of NL4-3




Sensitivity of biological RCL assay

107 celis/culture

5107 cells/culture, culture
split,
Positive control Pasagei2
(One infectious

wtHIV-1 particle) 5x10 cells/culture, culture
is p24 positive split

3 additional passages
results in an additional Passage 4
125-fold expansion of H9
cells, expanding the
sensitivity of the assay
over 100fold Passgeis

5x10 cells/culture, culture
split, 1:4.
Passagei6

5x107 cells/culture, culture
split, 1:4

5x10” cells/culture, culture
split, 1:4

P24and RT-PCR
will be used to
detect virus
replication

Cell processing procedure |

LEUKOPHERESIS &

T CELL SELECTION

patients uncergo eukosheresis folove
by monocyt depeton va aherence)
ofthe phoress procuct

WASHING &
CONCENTRATION

Cels are washed and corcentated
1030 nfszbi volume naspedlized

TRANSDUCTION &

CELL EXPANSION

onocyte depeted cels are tieated i
sagneic beads and VRXAG5 o

stimiate growth and ranscoe. Cals are

xpandsd o the requied number of s

REMOVAL OF BEADS
(Cels are passed over a magnet
o remove he & CD328 baacs

Dual RCL detection assay procedure

Ex-vivo
SUPERNATANT transduced
& expanded

Teells

viral Infection of
293T cells (5% or 300ml of
total S/N will be tested)

6 passages

TagMan RT-PCR on

amplified supernatant Negative Results:

using HIV gag + VSV-G Cells are released

primers (pending other QC
tests)

RT -PCR on original

S/N using VSV-G Positive Results

primers No release &

(3% 200ul will be. characterize

analyzed in triplicate)

TagMan DNA-PCR Sensitivity for VSV-G: 10 copy per 10,000 cells )
Assay sensitivity: detect a HIV with 1% fitness of NL43 HIV

TRANSDUCED
CELLS

C o-cultivation with 2937
cells (1% or 10° T cells
will be tested)

6 passages

TagMan RT-PCR on
amplified supernatant
using HIV gag + VSV-G
primers

DNA-PCR on original
transduced cells (1%
or 10" cells) using
VSV-G primers

Should an in vitro assay for detection of
functional LTR-gag-pol-LTR be used as lot
release assay?

» The assay may have utility for assay of HIV vectors for
non-HIV disease applications

> For HIV disease, the final cell product already contains
similar events in abundance

We have found that vectors similar to proposed detection
event can inhibit wt-HIV replication - so presence of the
event in the final cell product may not be a detrimental

one in AIDS gene transfer

Cell processing procedure Il

FORMULATION
e e s ceTesTNG
 moligre et v o Cells are tested for viabilty, RCR

VSV-G DNA cannot be detected in the final cell
product by TagMan PCR

Before wash

After wash 0
(Below detection limit)

Before wash 14

After wash 0
(Below detection limit)

TagMan DNA-PCR Sensitivity for VSV-G: 1 copy per 10,000 cells @




Summary of the proposed clinical trial

Failing or discontinued HAART therapy
No Opportunistic Infections Ve e ' * .

VL

CD4 200 - 600 ' '

>5000
T Cell Isolation QC on vector

Ex vivotransduction

T CELLS
Dose Escalation
1x10 ° @a+2
3x10 ° @ T Cell Expansion
1x10 *° 3 QC on VRX496 cells
3x10 *°  (3)

n=12

(up to 24) @

Patient-subject monitoring

Patients will be monitored short term at 24, 48 & 72 hours, 7, 14
& 28 days and long term at 3, 6 & 12 months and yearly for life

Dose escalation would proceed after 28 days because most of
the short lived activated T cells would have died within a few
weeks, the cells most capable to support wt-HIV replication or
the replication of a putative HIV recombinant

Long lived T cells are normally quiescent and not capable to
support productive HIV replication while in their quiescent state
-> would support productive HIV replication upon their sporadic
activation with antigen = long term follow-up at 3, 6 & 12+ Mo.

Since activated T cells are most abundant immediately after
infusion, the greatest risk for an adverse event is short term

=

Summary Il

Final cell product release testing criteria are highly stringent
> no detection of VSV-G DNA in final cell product
» no detection of VSV-G RNA in final cell supernatant
» no detection of an RCL after biological amplification in a highly
permissive human cell line and detection by TagMan RT-PCR

Treating HIV infected individuals with advance disease that have no
good treatment options left affords the lowest risk for testing HIV
vectors and the highest chance for benefit

Drug therapy failure due to toxicity is common and viral resistance
to these drugs is increasing

Urgent need to develop new strategies to treat individuals with
AIDS -> biological control of HIV with an HIV vector may offer new
treatment opportunities for individuals with AIDS

<=

Patient-subject monitoring

Twenty-eight (28) Days post dosing

Physical Exam (including vital signs)

12 lead ECG
CD4+ T-cell counts

Differential Viral Load —monitors vector mobilization & wtHIV VL
Anti-HIV immune response-ELISPOT

# of VRX496 modified Cells

VSV-G RNA in plasma —monitors for potential RCL

VSV-G antibody response
TCRV Ibdiversity analysis

Monitor HIVphenotypelgenotype drug resistance profile

Chest X ay
Hematology
PTIPTT
Chemistry
Urinalysis

Review of Concomitant Medications

Adverse Events

Summary |

HIV vectors can transduce at >90%, inhibit wt-HIV replication by
over 99% and provide CD4 T cells with selective resistance to

production wt-HIV infection

VRX496 is a fully gutted vector with no novel sequences in the
vector - even the antisense payload is derived from wt-HIV

VRX496 does not mobilize beyond the target tissue = in vitro
and in vivo studies show poor mobilization occurs only

between CD4 T cells

Vector production methods use vector packaging systems that
are comparable to those used in other gene transfer studies

Animal biodistribution and toxicity studies show the vector to

be safe
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